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Method and arrangement for testing a radio device 

FIELD 

[0001] The invention relates to a method and an arrangement for 
testing a radio device. The invention particularly relates to testing the radio- 
frequency characteristics of a radio device. 

BACKGROUND 

[0002] The use of radio-frequency devices, particularly portable de- 
vices, such as mobile phones and radio receivers, for example, has notably 
increased. Many standard and agreements specify the characteristics of the 
devices. Given restrictions are set on the characteristics of particularly devices 
that transmit and receive a radio-frequency signal. Variation in the transmitter 
power of the device and any scattered radiation should be found out. Accord- 
ingly, at the manufacturing stage of the devices, it is essential that they can be 
tested reliably and easily. This enables the detection of any faulty devices or 
those requiring adjustment. Similar testing requirements may naturally exist 
also when a potentially malfunctioning device is brought in for servicing. 

[0003] Testing the radio frequency characteristics of a radio device, 
particularly testing signal transmission and reception, is therefore extremely 
essential. However, said tests are technically very challenging. Radio- 
frequency tests, as tests generally, should be rendered as exempt from inter- 
ference as possible. For example, in testing mobile phones, the transmission 
powers of the telephone have to be calibrated, the bit error ratio of a trans- 
ferred signal has to be measured at a given RF power level, and other RF 
measurements have to be made, too. The propagation characteristics of radio 
signals cause a plurality of problems in testing design. Signal measurement 
should be rendered as exempt from interference as possible. 

[0004] In most prior art solutions, the RF measurements used in ra- 
dio device testing are based on contacting measurement methods. In these 
methods, the RF characteristics of a device are measured based on a contact, 
such as for instance by placing a measuring cable in an additional antenna 
connector or in lack thereof, placing a contact in the external antenna of the 
device. The antenna or the entire device can be enclosed for instance in a 
flexible sock made from a conductive material. The problem in these methods 
is that they are lossy and extremely sensitive to alignment and that the contac- 
tors wear in use. In addition, since even one manufacture may have various 
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models that differ from each other as regards both technical characteristics 
and appearance, the measurement arrangement and the contactors have to 
be different for each model. Because of the lossiness and the wear of the con- 
tactors, the measurements are not very well repeatable. 

[0005] Publications US 5,619,213 and US 2002/0,127,971 disclose 
measurement arrangements wherein the antenna of terminals provided with an 
external antenna is placed into a cavity made from a conductive material. Ra- 
diation losses are created in the solutions and the requirement is that the de- 
vice to be tested comprises an external antenna. 

[0006] Publication US 6,215,448 discloses a coaxial adapter ar- 
rangement. The solution is subject to the device tested having an external an- 
tenna and a chamber that is tightly closed as regards the radio frequency and 
lined with an absorbing material. In this solution, too, the radiation and coupling 
losses are significant. 

BRIEF DESCRIPTION OF THE INVENTION 

[0007] The object of the invention is to provide an improved method 
and arrangement for testing a radio device. This is achieved with the arrange- 
ment for testing a radio device comprising a waveguide closed at both its ends 
and comprising a holder arranged to hold the radio device at least partly inside 
the waveguide in such a manner that the radiating part of the radio device re- 
maining outside the waveguide is entirely inside the holder. In the arrange- 
ment, the waveguide comprises one or more ridges, the end of at least one 
ridge facing the holder being bevelled, and one coupling inside the waveguide 
for transmission and reception of a radio-frequency signal by the use of the 
wideband mode of propagation. 

[0008] The invention also relates to a method of testing a radio de- 
vice, wherein the radio device to be tested is mounted by means of a holder at 
least partly inside a waveguide closed at both its ends. A wideband mode of 
propagation is generated in the waveguide by means of at least one ridge, the 
end of at least one ridge facing the holder being bevelled, and that radio- 
frequency signals are transmitted and received by using the wideband mode of 
propagation between the radio device and a coupling installed in the 
waveguide. 

[0009] In a solution according to preferred embodiments of the in- 
vention, a waveguide is utilized in performing RF tests. Waveguides are tubes 
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of a conductive materia! (or coated with a conductive material) wherein the ra- 
dio-frequency signal propagates as an electromagnetic wave. By closing both 
ends of the waveguide with a material corresponding to the walls, a chamber is 
achieved. The cross section of the waveguide is usually some simple geomet- 
ric form. 

[0010] The waveguide comprises an opening, wherein a holder 
preferably having a handle is adaptable for a radio device. Due to the holder, 
the radio device can be mounted to the inside the waveguide such that the de- 
vice is at least partly inside the guide. The part of the radio device remaining 
outside the guide is inside the holder. The dimensions of the holder and the 
length of the handle of the holder are selected to prevent radio-frequency ra- 
diation from propagating via the holder out of the waveguide. If desired, the 
holder can be built closed. The holder can be provided with small openings or 
a control mechanism enabling control of the radio device during the measure- 
ment. The waveguide comprises one or more couplings for transmission and 
reception of a radio-frequency signal. The coupling is preferably coupled to 
measurement equipment. The coupling can be implemented by means of a 
probe, loop or iris. 

[0011] The method and arrangement according to preferred em- 
bodiments of the invention provide a plurality of advantages. RF measure- 
ments can be carried out without radiation losses. The implementation does 
not either require any mechanical contact with the device being measured for 
measuring radio-frequency radiation. This makes the repeatability of the 
measurement good. The implementation is not either sensitive to the positions 
of the radio device. The waveguide can be implemented at low cost. The cali- 
bration of the measurement arrangement can also be implemented in an 
automated manner. 

[0012] The arrangement is suitable for testing radio devices, such 
as for instance mobile phones, pagers and the like. The devices do not need to 
have an external antenna or one projecting from the body of the device, but 
the antenna may also be integrated inside the device. The same waveguide 
structure can be used for testing several different devices. The holder of the 
device is preferably selected separately for each device type. For example, 
mobile phones used in the GSM900, GSM1800, PCS1900, WCDMA and 
CDMA radio systems can be tested with the arrangement presented. The de- 
vice to be tested can be a portable device, such as for instance a mobile 
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phone, but the solution is also applicable to other devices that are not intended 
to be portable. In this case, the part of the radio device radiating radio frequen- 
cies is located at least partly inside the waveguide by means of the holder, the 
radiating part remaining outside the waveguide remaining inside the holder. 

LIST OF THE FIGURES 

[0013] In the following, preferred embodiments of the invention will 

be described in detail with reference to the accompanying drawings, in which 
Figure 1 shows an example of a set of testing equipment, 
Figures 2A and 2B illustrate an example of an arrangement, 
Figures 3A to 3F show examples of the cross-sectional shapes of a 

waveguide, 

Figure 4 illustrates different waveforms in a rectangular waveguide, 
Figure 5 illustrates measurement by means of an arrangement, and 
Figure 6 illustrates the calibration of an arrangement. 

DESCRIPTION OF EMBODIMENTS 

[0014] An example of a set of testing equipment will be studied with 
reference to Figure 1. The equipment comprises a measuring device 100 con- 
figured to process radio-frequency signals. The measuring device preferably 
comprises two input/output ports 102, 104 by means of which it is capable of 
transmitting and receiving radio-frequency signals and of transmitting control 
commands to devices to be tested. Such measuring devices are known perse 
in the art. The equipment may further comprise a controller 106 for controlling 
the operation of the measuring device by means of a bus 122. The controller 
may be for instance a computer provided with measuring software or another 
measuring unit. The equipment further comprises a waveguide 108, which, in 
turn, comprises a holder 110 by means of which a radio device 112 to be 
tested or a radiating part thereof is inserted at least partly inside the 
waveguide. The waveguide also comprises at least one probe 114 inside the 
waveguide for transmitting and receiving a radio-frequency signal. The probe 
114 is operatively connected to the measuring device with a coaxial line 116, 
for example, the device to be tested may also be operatively connected to the 
measuring device for instance with a line 1 18 for the transfer of control and test 
information. The controller 106 can also be connected by means of a bus 120 
to the device to be measured for the control and collection of test information. 

[0015] The equipment may also comprise other components. When 
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the equipment is used for testing a large number of radio devices, a large part 
of the functions can be automated. For example, the replacement of the radio 
devices to be tested can be automated to take place by means of a robotic 
hand. The measuring software of the controller can perform a large number of 
measurements automatically, by controlling both the measuring device 100 
and the device to be tested by means of the buses 122, 120. The holder 110 
may further comprise small openings at the keys of the radio device to be 
tested, enabling the adjustment of the radio device during the test also manu- 
ally, for instance by means of a robotic hand. 

[0016] Figures 2A and 2B illustrate an example of an arrangement 
according to an embodiment by means of simplified diagrams. Figure 2A is a 
side view of the waveguide 108. Figure 2B is a top view of the waveguide 108. 
The waveguide 108 can be implemented as a tube closed at both its ends 200, 
202. The tube may be of metal or a material coated with a conductive sub- 
stance, such as for instance metal-coated plastic or ceramic. At one of its 
sides, the waveguide comprises an opening 230 for the holder 110. The holder 
1 10 is configured to hold the portable radio device 1 12 at least partly inside the 
waveguide 108, the part of the radio device 112 remaining outside the 
waveguide being in its entirety inside the holder. The holder may be of metal or 
a material coated with a conductive substance. The radio device is preferably 
inside the waveguide such that the antenna parts of the radio device are inside 
the waveguide. This way the device is best able to transmit and receive signals 
in the waveguide. All devices have no external antenna, the antenna being 
integrated inside the device. The waveguide is particularly suitable for testing 
such devices. The holder can also be implemented such that the holder and 
the radio device are entirely inside the waveguide. 

[0017] The dimensions of the holder 110, i.e. width 204, thickness 
206 and the length 208 of the part of the holder projecting from the waveguide 
are selected according to the dimensions of the device to be tested. The cross- 
sectional shape of the holder conforms to the external dimensions of the radio 
device to be tested, and the length of the part of the holder projecting from the 
waveguide is selected such that radio-frequency radiation does not propagate 
out from the end of the holder opposite to the waveguide. This is based on the 
dimensions of the holder being so small that the waveforms existing in the 
waveguide are unable to propagate in the holder, i.e. the 'cut-off of the holder, 
i.e. the chopping frequency inside the holder is higher than the frequencies of 
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the waveforms existing in the waveguide. The body of the holder preferably 
extends somewhat 226 below the terminal 112. Such a holder structure pro- 
vides the advantage of radio-frequency radiation not propagating outside the 
waveguide when the bottom of the holder is not closed. This increases the ac- 
curacy of the measurement results for instance when several sets of testing 
equipment are placed into each other's immediate proximity. Since radiation 
does not propagate to the outside of the waveguide, the devices to not inter- 
fere with each other. The end of the holder opposite to the waveguide can also 
be closed with a cover made from a conductive substance or coated with a 
conductive substance. In this case, lead-ins may be provided for any cables 
118, 120 in the closed holder. If the end of the holder is not closed, the cables 
118, 120 are preferably grounded at their mantle to the holder. This eliminates 
the generation of undesired fields. 

[0018] The holder 110 may be detachable from the waveguide, fa- 
cilitating the replacement of the device 112 to be tested. The waveguide 108 
and the holder 110 are preferably adapted to one another in a manner ena- 
bling automated detachment and reinstallation of the holder. Accordingly, the 
waveguide comprises an opening 230 for the holder, and the edges of the 
opening may comprise suitable fastening elements (not shown in Figures 2A 
and 2B). Each time, the holder settles in the same position and at the same 
depth relative to the waveguide. This is essential when repeating measure- 
ments are performed on different radio devices, for example, since this en- 
sures that the devices are in the same position and thus the measurement re- 
sults are mutually comparable. 

[0019] Furthermore, the structure of the holder may enable the 
placement of the device to be tested therein in different positions, relative to its 
vertical axis, for example. This allows measurements to be made from different 
directions. 

[0020] A special holder for ensuring the suitability of the dimensions 
can preferably be produced for each tested device of a different type or having 
different dimensions. 

[00211 The waveguide 108 further comprises a lead-in 210 for the 
probe 114. The probe transfers the waveform propagating in the waveguide 
into the coaxial line 116 connected to the measuring device. The probe also 
couples the signal, transmitted from the measuring device, to the waveguide. 

[0022] Consequently, the waveguide does not need to be closed 
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tightly, since the tightness relative to RF signals is based on chopping frequen- 
cies. The waveforms propagating in the waveguide are not able to propagate 
along paths having sufficiently small dimensions. For this reason, both the 
holder and the lead-ins of the probes do not cause significant leakage of RF 
signals to the environment. 

[0023] In waveguides, radio-frequency waves propagate in different 
waveforms having different propagation rates and different field distributions. 
Usually the lowest possible waveform is used, and the frequency band is re- 
stricted in a manner preventing the propagation of the following waveform. 

[0024] The dimensions of the waveguide, i.e. length 220, width 222, 
and height 224, affect the waveforms present in the waveguide. The width 222 
of the waveguide determines the base frequency range propagating in the 
waveguide. The length and height, in turn, affect the width of the frequency 
band. These facts are known to a person skilled in the art, and therefore the 
dimensioning of the waveguide is not described in more detail herein, 

[0025] Broadband and/or multiple band operation can be achieved 
by utilizing different waveguide geometries and/or different modes of propaga- 
tion inside the waveguide. By selecting different cross-sectional shapes for the 
waveguide 108, the waveforms present in the waveguide can be affected. Fig- 
ures 3A to 3E illustrate examples of the cross sections of a waveguide. Rec- 
tangular (Figure 3A), circular (Figure 3B) or elliptical (Figure 3C) cross sections 
may require several modes of propagation in order for multiple band operation 
to be achieved. Ridged cross sections (Figures 3D and 3E) enable an up to 
more than 4:1 ratio (ratio of upper limit frequency to lower limit frequency, e.g. 
800 to 3200 MHz) in one mode of propagation of the useful bandwidth. In the 
case of a rectangular cross section, the sides of the rectangle are often in the 
ratio 1 :2, but other dimensions are also feasible, such as a square, for exam- 
ple. 

[0026] Figure 3F illustrates an embodiment in more detail. In this 
embodiment, the waveguide comprises a cross section that is rectangular at its 
one end, the cross section being constant along a given length 300 in the di- 
rection of the longitudinal axis of the waveguide. In the direction of the longitu- 
dinal axis, in the middle of the waveguide is a section where either the height 
or width, or both, of the waveguide increase 302. The second end of the 
waveguide is again constant along a given length 304 in the direction of the 
longitudinal axis. The holder for the device to be tested is located in section 
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304. However, this is not shown in the figure for the sake of clarity. 

[0027] The waveguide comprises one or more ridges in the direction 
of the longitudinal axis, the end on the side of the holder of at least one ridge 
being bevelled. In the example of Figure 3F, the waveguide comprises one 
ridge 306 fastened to the wall of the waveguide. The ridge comprises a bevel 
308 at the end on the side of the holder. 

[0028] The ridge, the bevelling of the ridge and the cross-sectional 
shape of the waveguide achieve the broadband mode of propagation in the 
waveguide. The mode of propagation is sufficiently wide, covering more than 
one mobile phone frequency band. The typical frequency range achieved with 
one broadband mode of propagation is 0.8 to 2.2 GHz, for example. Accord- 
ingly, the same arrangement can be used to test several frequency bands, e.g. 
frequency bands used by the GSM, UMTS or WCDMA systems. This brings 
about significant savings in measurement costs. 

[0029] To improve the broadband property of the mode of propaga- 
tion, different solutions can also be utilized in the waveguide. In an embodi- 
ment, the end of the waveguide on the side of the holder may comprise one or 
more pegs 31 OA to 31 0D made from a conductive material and fastened to the 
inner surface of the waveguide. The pegs are in contact with the waveguide 
only at their ends. The pegs are used to absorb harmful waveforms. One end 
of at least one peg is fastened to the same wall of the waveguide as one ridge. 

[0030] In an embodiment, absorption material 312 is fastened to the 
inner surface of the waveguide at the end on the side of the holder. Single- 
layered or multilayered absorption material can be fastened to the inner sur- 
face of the waveguide on one wall as one or more strips, for example. The ab- 
sorption material absorbs harmful waveforms in the waveguide. 

[0031] Figures 2A and 2B show one probe 114 whose lead-in is 
placed onto the same wall as the holder. Several couplings that may be of dif- 
ferent types may also be installed in the waveguide. Such include for instance 
a loop enabling a magnetic coupling, and an iris enabling a coupling to another 
waveguide. Several couplings can be used to measure different waveforms 
independently.. Figure 2B shows by way of example a loop 228 placed perpen- 
dicularly to the probe 114. 

[0032] Figure 4 illustrates two different waveforms appearing in a 
waveguide 400 having a rectangular cross section. The base waveform TE10 is 
denoted in the figure with reference numeral 402 and the second waveform 
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TE 2 o is denoted in the figure with reference numeral 404. The maximums of 
the waveforms hit different points in the waveguide. The base waveform has 
one maximum in the middle of the guide, whereas the second waveform has 
two maximums symmetrically on both sides of the middle of the guide. This 
can be utilized in the placement of the probes by placing the probe 408 meas- 
uring the base waveform in the middle and the probe 410 measuring the sec- 
ond waveform in the second maximum point of the second waveform. 

[0033] At the beginning of a radio device testing procedure, the de- 
vice 112 to be tested is placed into the holder 110, separate from the 
waveguide 108. Any cables are connected to the device, optionally through 
holder lead-ins. The holder 110 is then fastened to the waveguide 108 to the 
opening in the waveguide by means of fastening means adjacent the opening. 
In a second alternative, the device is installed inside a holder that is fastened 
to the waveguide. In this case, the device to be tested settles at least partly 
inside the waveguide in such a manner that the antenna parts of the device 
are substantially inside the waveguide and that the part remaining outside the 
waveguide is entirely inside the holder. 

[0034] The measuring device is then able to perform various meas- 
urements. The radio device 112 may be controlled to a transmission state by 
means of the controller 106, the measuring device 100 or the keyboard of the 
device, the antenna of the device radiating RF power into the waveguide. One 
or more probes 114 or a loop in the waveguide are used to receive the signal 
transmitted by the device almost without loss, and the received signal is trans- 
ferred by means of the cables 116 to the measuring device 100. In the same 
way, the radio device 112 can be controlled to a reception state, and the 
measuring device is able to transmit a signal to the waveguide by means of the 
probe. The radio device receives the signal and can be controlled to make 
measurements on the signal and to report the measured results to the measur- 
ing device or the controller. 

[0035] Figure 5 illustrates a measurement carried out by means of 
the arrangement. The figure shows the measurement result of a given device 
to be tested. The horizontal axis shows the tested frequency range 800 MHz to 
2.2 GHz, which thus simultaneously comprises several frequency bands in- 
tended for mobile phones. The vertical axis shows signal attenuation in deci- 
bel. Graph 500 is the measured adaptation of the tested device in a free 
space. In addition, the radiation efficiency is measured from the antenna as a 
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function of frequency, and it describes the losses occurring in the antenna. The 
adaptation and the radiation efficiency can be used to determine the power 
radiated by the antenna. Graph 502 shows the relative effect radiated by the 
antenna in a free space. Graph 504 describes a corresponding parameter 
measured by the testing arrangement. The difference between graphs 502 and 
504 is primarily due to the loss of the testing arrangement and partly to the ef- 
fect of the arrangement on the antenna (load). This difference can be elimi- 
nated by means of a calibration measurement, after which the arrangement 
can be used to directly measure results comparable with the free space meas- 
urement. 

[0036] Let us next study the method of calibrating the presented ar- 
rangement by means of Figure 6. The calibration of the arrangement is an es- 
sential procedure as regards measurement results. The calibration serves to 
find out the characteristics of the system and any losses for instance in the 
cabling 116. In the calibration, in place of the device to be tested, a reference 
unit 600 resembling the radio device to be tested and comprising a grounded 
antenna circuit 602 is placed into the holder 110. The measuring device trans- 
mits a known signal from a TX port via the cable 116 to the probe 114. The 
probe 114 radiates a signal 604 to the waveguide 108. The reference unit re- 
ceives the signal and, due to the grounded antenna, reflects the signal as such 
immediately back 606. The probe 1 14 transfers the reflected signal back to the 
cable 116. To the cable 116, a directional contactor 608 is coupled, which 
transfers the received reflected signal to the RX input of the measuring device. 
Since the fed signal and the received signal have travelled via the same 
propagation path, cable attenuation can be determined by comparing the sig- 
nals. In the calculation, the attenuation caused by the directional contactor 608 
is taken into account. 

[0037] The calibration presented can be performed automatically. 
For example, in a situation where a large number of radio devices are tested 
and where the radio devices to be tested are placed mechanically, for instance 
by means of a robot, into the holder and removed from the holder, and the 
measuring device can be programmed to place the reference unit into the 
holder and perform calibration always at given intervals, for instance at inter- 
vals of a hundred measurements. This ensures that the measurement results 
of the radio devices to be tested are comparable. 

[0038] Although the invention is described above with reference to 
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the example according to the attached drawings, it is apparent that the inven- 
tion is not limited thereto, but can be modified in a plurality of ways within the 
inventive idea disclosed in the appended claims. 



